Abstract The objective of this study was to analyze the effect of age-period and cohort (APC) of
Introduction
Cardiovascular diseases, including acute myocardial infarction (IAM), represents an important problem for public health in Brazil and in the world which has resulted in high rates of incidences of mortality 1 . The rates of Brazilian mortality for this group of causes 2 (183,3/100.000) are amongst the highest in the world and is similar to that of countries such as China and areas such as the east of Europe 3 . This reality can be explained by both the changes in the age structure of the population and the increase in the prevalence of exposure to risk factors that have been recognized as being associated with diseases of the circulatory system such as: sedentarism, increase in the consumption of meat and food that contain a high fat content, a reduction in the consumption of fruits and vegetables, the consumption of alcoholic drinks, smoking, the increase in obesity, as well as socioeconomic inequalities and poor access to health services [3] [4] [5] [6] [7] [8] . In the last decade the National Policy for the Promotion of Health and the Program for the Prevention and Control of Hypertension and Diabetes (HIPERDIA) 1, 3, 7, 8 , were implemented with the view of reducing mortality rates which were high due to diseases of the circulatory system. However, the mortality rates for cardiovascular diseases in Brazil concerning IAM is still high in comparison to the rates in developed countries.
Age, period and birth cohort are factors which influence the development of the incidence rates and the illness rates that lead to mortalities. The effects of age relates to the changes in the development of the mortality rates of certain illnesses based on the age range in which the person is in. The effects of the period refers to the alterations in the mortality tendencies and incidences that are in themselves related to the changes that occur at certain periods and which influence, simultaneously all of the age ranges (the following must be taken into account: innovations in diagnosis and treatment, access to health care, changes in the certification of deaths and improvements in the mortality information system) 9, 10 . The effects of the birth cohort have occurred due to factors that have affected a generation, promoting changes at different magnitudes in successive ages and period groups. This permits the analysis of the effects of long term exposure to risk factors. The birth cohort effect, reflects the interaction between the effect of age and period as a result of the accumulation of exposure throughout a person's life 9, 10 . Therefore analyzing just the effects of age and period through standard rates of age per period whilst ignoring the effect of birth cohort is not recommended to be done on a routine basis, as there is no evaluation of the interaction between the effect of age and period on the progression of the mortality rates 10 . Continuing on this vein, the APC model (age-period-cohort) can be used in any situation in which the objective is the evaluation of the temporal effect of the occurrence of the event.
The main reason for using these is to estimate the effect of each of these factors (APC) separately in the increase or otherwise of the rates 9, 10 . Following this line of thought, the objective of this study was to analyze the effect of the age-period and the birth cohort (APC) on the mortality rates for acute myocardial infarction in Brazil and the geographical regions based on sex, during the period from 1980 to 2009.
Methods
This was an ecological study with temporal tendencies in which the death registers for IAM were analyzed covering both sexes for those who were 20 years old or over between the period from 1980 to 2009. During this period two revisions of the International Classification Statistics for Diseases and Problems Related to Health (CID) were made. This included the classification in three digits of the ninth revision for the IAM 412 and the code for the tenth revision I-21.
The registers of deaths were extracted from the Information System on Mortality (SIM/ DATASUS) 11 as well as population data based on the census for 1980, 1991, 2000 and 2010. The inter-census projections for the 1st July in the years that the census was carried out, were estimated by the Brazilian Institute of Geography and Statistics (IBGE) 12 .
We made some corrections due to the poor quality of the information obtained from the Information System on Mortality (SIM) and then we progressed in three steps: (1) proportional redistribution of the classified registers with age and/or sex that we ignored, (2) redistribution of the classified deaths as causes that were poorly defined amongst the known causes 13 , with the exception of the external causes, and (3) correction of the sub-register of deaths for each of the geographical regions and sexes in accordance with the description that follows.
The deaths that were observed in relation to all of the causes of deaths were corrected using the demographic methods of death distribution particularly: a) extinct generations 14 , b) general equation of the balance or general growth balance 15 and c) adjusted extinct generation that consist in a combination of the first two 16 . These methods are robust for non-stable populations. However, when populations are open to migration, care needs to be taken in some areas. The correction factors taken from the degree of cover used in this work follows the recommendation to minimize the effect of migration which consists in adopting an average from the estimates generated from previous methods, as well as not considering the ideas that are most affected by migration 16 . The estimates of the degree of coverage of deaths by sex and region used in this study were developed by a group of researchers in the ambit of a research project for the Estimates of Mortality and Construction of Life Tables for Small  Areas More methodological details and the degree of coverage for the general deaths of men by region in Brazil, can be found in Lima and Queiroz 17 . For the women, the degree of coverage for regions was kindly given by the research project team using the same methodological strategy. The inverse of the degree of coverage is the factor through which the total deaths (all of the causes of death) are corrected.
After the carrying out of the adjustments and corrections of the deaths per sex and geographical region for the period of study, the rates of mortality per IAM according to sex were calculated. The rates of mortality in relation to age range and geographical region per 100,000 inhabitants were also calculated. The above was done based the standards for world populations proposed by the World Health Organization (WHO) 18 . The age range, periods and the birth cohort were grouped in intervals of five years. The age ranges started from 20 to 24 and went up to 80, with a total of 13 groups. The periods were also grouped in five years (1980 to 1984, 1984, 1985 to 1989, 1990 to 1994, 1995 The choice of the period of analysis , even faced with the availability of data for mortality that is the most recent data (2010) (2011) (2012) (2013) , was subject to the restrictions of the APC methodology. This suggests that the age and period groups ought to have the same size so that there is no overlapping of the birth cohorts. Also in this study we opted to work with age ranges and periods of death with intervals from 5 in 5 years 9, 10 . In relation to the birth cohorts, they started in 1985 and ended in 1989, adding up to 19 cohorts.
The effects of age-period-birth cohort (APC) were calculated assuming a Poisson distribution for the number of deaths and that the temporal effects (age-period-birth cohort) act in a multiplicative way on the rates 9, 10, 19 . This being the case, the logarithm for the value of the rate that was hoped for is a linear function of the effect of the age, period and cohort 9, 10, 19, 20 . The estimates of the parameters of the APC effect showed that the main limitation of the problem of the non-estimation of the complete model, is known as noindentifiability problem. This limitation occurs owing to the exact linear relation amongst the temporal effects (age-period-birth cohort) 9, 10, 19 . It is noted that there is no consensus in the field-related journals on the best methodology to be used to correct this problem 9, 10, 19, 20 . This being the case, in the present study we opted for estimating the parameters of the APC effects through the estimable functions 9, 10, 19 . The estimable functions limit the analysis of the effects of the linear combinations and curvatures. The curvatures are the estimable functions of the parameters and they remain constant in spite of the parameterization that was used. The linear tendency of the effects is divided into two components: the first is the linear effect of age and the other is called drift, being the linear effect of the period and the cohort. The longitudinal tendency of the age is equal to the sum of the age and of the inclination of the period and which covers linear tendency of age and period respectively. The term drift represents the linear tendency of the logarithm for the specific rates of age. It is equal to the sum of the inclinations of the period and the cohort in which there is linear tendency for the period and the cohort respectively 9, 10, 19 . The specific rates of age for the cohort/period of reference will be the relative risk (RR) for every cohort referring to the reference cohort and to every period relative to the period of reference. In this article we used as a reference the cohort for 1935-1939 and the period from 1990 to 1994 21 . The adjustment of the models for the data was checked through statistical deviance 9, 10, 19 . The results were considered to be statistically sig-nificant with ≤ 0,05. The analysis for the estimation of the APC model was carried out through the library Epi 1.1.18a. program R, version 3.2.1 .
Results
In the period of study, the rate of the common average mortality rates for Brazil for males (108,14 death/100,000 man) was 1.75 times greater than that of females (61,49 deaths/100,000 women). We noted that the highest common rate existed for males covering all of the period that was analyzed. This was a reality that was also observed in all of the geographical regions of the country.
In relation to development of the rates in six five year periods that were analyzed, we noted that for females the highest rates between the period from 1995-1999 was observed in the southern region of the country. This is a period from which occurred a reduction for females, being rates of the subsequent periods similar to those that were checked in the south east region.
The profile of the mortality in the south east region suggests a lowering of the rates from the period from 1985 to 1989. Brazil showed signs of a reduction in the rates between 1995-1999 for the above group reaching an incident peek in the period from 2000 to 2004, and then showing a reduction in the following period.
It is still important to highlight that the regions of the north and the central western regions showed lower rates in all periods when compared to other geographical regions and in Brazil increases in rates of mortality in the northern region were seen from 1995 to 1999.
In this context the north east region can be highlighted because the same region showed a steady increase in the rates of mortality from 1990 to 1994 reaching its highest value in the last period of the historical series that was analyzed ( Figure 1 ).
For males the profile of the rates of mortality for IAM suggested a descendent tendency for Brazil in the south and south east regions. There was an increase in the most accentuated rates of mortality in the northern regions and the north east from 1995 to 1999 and a minor increase in the central western regions from 1990 to 1994 ( Figure 1) .
In relation to the rates of mortality for birth cohort and the age range, we checked the progressive reduction of mortality in the women born after the 1940s decade in Brazil and the south and south east regions.
However, in the central western and northern regions we saw a reduction in the birth cohort from the decade of the 1960. The reduction in the rates of mortality is more pronounced in the age ranges for the young people from the age of 30.
An opposite profile was seen in the northeast region as there is an increase in the rates of mortality in women born after the 1940 decade in the age range from 45 to 49 years old. On the other hand we also saw a reduction in the rates amongst young people from the age of 30.
A similar profile was seen in the progression of the rates for men except in the north and north east region. In the northern region there was an increase in the rates for those in the age range of 30-34 and 35 to 39 and in the north east, because there is a reduction of the mortality rates in men born in the 1960s.
In relation to the analysis of the effects of age (A), period (P) and birth cohort (C), we saw that in both sexes, the model was better when adjusted to the data of the complete APC model (p < 0,0001) in Brazil and all of the geographical regions that. This was the case when compared to the model just with the age, birth-cohort, age-period and age-drift (Table 1 and 2) .
With respect to the effect of age in both sexes for Brazil and in all of the regions, we noted an increase in the progression of the mortality rates whereas the age ranges increased (Figure 2 and 3) .
Continuing on this vein, what stood out was the mortality rates in the northeastern region for men in the age group being 80 or over, as this was higher for the mortality rates in Brazil and the other geographical regions (Figure 3) .
In relation to the effect of period we saw a profile difference in the risk of death in relation to the period of reference (1990) (1991) (1992) (1993) (1994) amongst the sexes and the geographical Brazilian regions.
For women in Brazil and particularly in the south and the south east we noted an increase in the risk of death by IAM in the periods from 1994 to 1995 and 2000 and 2004 (RR ≥ 1), with a subsequent reduction of the risk in the period showing the effect of protection in relation to the period from 1990 to 1994 (RR ≤ 1). This highlighted the same for men in the southern region. In the north and north east regions we saw a reduction of the risk of death in all of the periods from 1985 to 1989 (RR ≤ 1) in relation to 1990-1994 ( Figure 2) .
The central western region showed an interesting situation for both the men and women as there was a reduction of the risk of death in the period from 1995 to 1999 and then there was a subsequent increase which once again showed a protective effect for the period from 2005 to 2009 (Figure 2 and 3) .
On the other hand for men in Brazil we noted an increase of the risk of death for this disease in all of the periods after 1995 to 1999 in the period of reference.
In the north and the north east region we observed an increase of the RR in the last period that was analyzed (2005 to 2009) in relation to 1990 to 1994 and for the period from 2000 to 2004 the increase was also seen in the north east. We highlighted the south east region because it was the only region to show the effect of protection for the periods after 1995 to 1999 in relation to the period of reference being 1990 to 1994.
In relation to the birth cohort in both sexes in the southern regions and the regions of the south east, north and central western regions, we noted progressive reductions in the risk of dying due to IAM compared with the cohort of reference from 1935-1939. The initial cohort showed the effect of protection for the individuals born from the 1940s.
However in the north east region for women we saw an inverse pattern as the risk of death increased progressively from the birth cohort with reference to the cohort from 1960-1964 based on the risk becoming stable. However it maintained itself as a risk factor (RR ≥ 1) in relation to the cohort of reference (1935 to 1939) . In the same way we checked the increase of the risk for men considering the cohort from 1950-1954 from which there was a reduction in the relative risk and thus went to being lower than 1 (Figure 2  and 3 ). *Linear tendency of the logarithm of the specific rates for age through the time is equal to the sum of the inclinations of the period and the cohort (βL + γL) where βL and γL are the linear tendency for the period and the cohort respectively; ** The longitudinal tendency of the age is equal to the sum of the age and of the inclination of the period, in which and are linear tendency of age and period respectively. *Linear tendency of the logarithm of the specific rates for age through the time is equal to the sum of the inclinations of the period and the cohort (βL + γL) where βL and γL are the linear tendency for the period and the cohort respectively; ** The longitudinal tendency of the age is equal to the sum of the age and of the inclination of the period, where and are linear tendency of age and period respectively.
Discussion
The present study showed a progressive increase in mortality by IAM with the increase in mortality rates for men when compared to women in all of the regions of the country and in both sexes. We highlighted the effect of the birth cohort that consists in the interaction between the effect of age and period, as we observed progressive reductions of the risk of death in the birth cohort after the 1940s. This showed the effect of protection in relation to the cohort from 1935-1939 in both sexes in Brazil and in all of the regions except for the north east. In this region we saw an increase of the risk of death from [1935] [1936] [1937] [1938] [1939] . In relation to the progression of the rates throughout the evaluated five year periods, it is worth noting the increase of the mortality rates from the period between 1995 to 1999 in the north and north east.
The alterations in the progression of the rates of mortality reflect the changes in the exposure to risk factors (the environment and style of life) as well as improvements in diagnosis, treatment, checking and the certification of deaths. Such modifications can occur in an unequal way which can go towards explaining the differences in the development of the mortality rates in different Brazilian geographical regions which we noted in this study.
In relation to the effect of age, our results also came from other Brazilian studies 22, 23 and from other countries such as: Australia 24 .We noted progressive increases in mortality rates as people got older in both sexes and particular for the over 50s.
Such a reality was expected as this is a Chronic-degenerative disease which is directly related to the accumulation of exposure to the risk factors throughout a person's life which in turn increases incidences for the elderly. Therapeutic measures also contribute to this profile, in so far as the elderly tend to receive treatment that is less intensive for IAM than young people 23 . This explains, in part, the high mortality rate in the age groups from 80 and over with the north east region featuring high and the fact that the majority that suffer there are men.
Backing up what was found in the other studies 1, 7, 8, 18, [20] [21] [22] [23] 30 , the magnitude of the mortality rates in our study was greater in men than women, being 1.78 times greater.
This reality may owe itself to the unequal exposure to risk factors for both sexes in relation to known risk factors for an illness. Also we understood that women showed more care in relation to their health than men due to sociocultural reasons and the construction of masculinity 3, 4 . In the last three decades the mortality rates in Brazil for both sexes was higher than those observed in developed countries such as: 22 . We noted in these regions that there was a epidemic of cardiovascular diseases up until the middle of the 1960s and then there was a decrease. However the rates of mortality in Brazil are similar to those observed in Russia, Eastern Europe and Central Asia 26 . The risks of death in accordance with the birth cohorts are similar for both sexes as it signals the effect of protection (RR < 1) for the younger cohorts who were born in the 1940s when compared to the cohort of reference being 1935-1939 in the northeastern region. These results go to further understand the studies done in Australia, Japan, Hong Kong 22 and South Korea 23 . The explanation for the reduction in the mortality rates in the developed countries is not clear cut and has different explanations. Some authors argue that this tendency in the rates decreasing can be explained by: early diagnosis, the quality of pre-hospital care, protocols for treating people, the availability of intensive care beds and teams of health specialist to treat IAM. The above can also be coupled with the identification of risk factors related to cardiovascular diseases which permits the implementation of measures for prevention and control which occurs in an incipient way in developing countries. This is one explanation 4, [31] [32] [33] [34] . However there are studies that affirm that the reduction in mortality due to cardiovascular diseases in developed countries that started from the 1960s, occurred before the reduction of the prevalence of the risk factors and the appearance of advances in therapy for these diseases that started in the 1970s [35] [36] [37] [38] . These authors attribute the reduction to: improvements in basic sanitation, the wider use of vaccines and the increase in babies' weights at birth as there is evidence of the primordial role of the inflammatory process on the etiology of the atherosclerosis. Continuing on this vein, the improvements can be seen in people's conditions of life where people are less exposed to infectious disease and due to this, the risk of developing cardiovascular diseases in adult life is reduced 35 . This theory can explain in part the differences in the patterns of mortality by IAM that was 1904 1905-1909 1910-1914 1915-1919 1920-1924 1925-1929 1930-1934 1935-1939 1940-1944 1945-1949 1950-1954 1955-1959 1960-1964 1965-1969 1970-1975 1975-1979 1980-1984 1900-1904 1905-1909 1910-1914 1915-1919 1920-1924 1925-1929 1930-1934 1935-1939 1940-1944 1945-1949 1950-1954 1955-1959 1960-1964 1965-1969 1970-1975 1975-1979 1980-1984 There is an interaction between the effect of the period and the age (birth cohort) as the north east region was the only part of the country that showed a progressive increase in the risk of dying due to this risk pathology after the 1940s. There was a more pronounced increase for women being RR>1, including young people and men until the cohort of the 1960s. Aside from this, only the north and the northeastern regions showed increases in the mortality rates in the 2000s.
These regions are the poorest in the country with high levels of social inequalities due to the high concentration of income. These areas have the highest levels of infant mortality and they have poor basic sanitation as well as difficulties in accessing primary health care and complex treatment 39, 40 . The implementation of the National Health Service in Brazil increased access to health care in Brazil owning to its universal nature. However the quality of the care varies from region to region.
That is the reason why we did not see the same epidemiological transition that has occurred in industrialized countries, largely due to the socioeconomic inequalities.
These iniquities greatly influenced the mortality rates principally in relation to the premature deaths associated with cardiovascular diseases having the greatest impact on the poorest in the population. This, in part, explains the growing mortality rates in the decade from the year 2000 in the north and northeastern regions 40 . It is believed that the reduction in the mortality rates observed in the south, south east and the central western regions in the decade from the year 2000 as well as the reduction in the risk of death by IAM in the cohorts for younger people in by sexes in these regions, can be explained by the interaction between the effect of the period promoted by the improvements in life conditions, access to health services with SUS and advances in therapy for this disease. All of the aforementioned permitted the reduction in the risk of death for the younger cohorts even though they were being more exposed to the risk factors (nutritional transition, reduction in the practice of physical activity etc) [1] [2] [3] [4] 35 . A completely different reality was seen in the north east region principally for women in which social inequality and access to health services associated with the effects of the epidemiological and nutritional transition increased the risk of death including in the birth cohort for young people.
SUS, in spite of its limitations, has managed to increase access for the Brazilian population to health services and medication. This has aided in controlling hypertension and diabetes which are diseases that basic primary health care plays a very important role in tackling, through the program HIPERDIA. This program was launched in 2000 with the view of treating and accompanying health care users at an ambulatorial level 41 . Nevertheless, in spite of the reduction in mortality due to IAM for both men and women in the south, south east and central western regions principally in the decade starting from the year 2000, these rates continue to rise in relation to the developed countries. This fact highlights the differences between developed countries and developing countries, which includes differences in: life conditions, the prevention and control of cardiovascular diseases (principally arterial hypertension) and the assistance given to individuals after they have a heart attack.
According to Pinho e Pierin 42 the control of systemic arterial hypertension in Brazil is considered low, however detailed national data is not available. A study of the medical literature in this area identified a prevalence of control that varies from 10.0 to 57.6%. It was noted that there was low prevalence of control even amongst the assisted users through the Family Health Strategy (ESF) 29 . Such results are worrying as arterial hypertension that is not controlled is one of the principal factors associated with acute myocardial infarction.
A study carried out in Ribeirão Preto with a view to identifying the causes of deaths for those who were suffering from hypertension and were users of a public health unit, showed that the most common causes were related to diseases of the circulatory system, highlighting: IAM (12.9%), encephalic vascular accident (5.8%), respiratory insufficiency (3.2%) and ventricular flutter-fibrilation 43 . Aside from this, research carried out in a cohort of adults above 20 years old in the city of Rio de Janeiro showed that the risk of cardiovascular diseases was 6.1 times greater in individuals with uncontrolled hypertension when compared with those that did not have hypertension. It has also 2.7 times greater for patients with uncontrolled hypertension when compared with patients with controlled hypertension 44 . Additionally in relation to the limitations observed in the primary prevention of cardiovascular diseases, it is important to highlight the need for organizations to have a line of care for IAM, which consists in a structured assistance network which covers pre-hospital care to hospital admittance for intensive therapy 45, 46 . Therefore the results of this study show the need for urgent actions to deal with the problems in the prevention and control of IAM starting from health care promotional actions to pre-hospital treatment. This is needed at both secondary and tertiary levels. Also these measures need to take into account the specific needs of each of the country's geographical regions.
In this study an analysis of the effect of age-period and the birth cohort on mortality by IAM was one of the contributions of this study because the majority of manuscripts only evaluate the effect of age and the period of death without evaluating the effect of the birth cohort. This is an important factor for understanding the progression of the rates of incidences and mortality from diseases.
Another important contribution was the carrying out of the correction of the classified register as badly defining causes, including the sub-register. This produced more reliable rates for acute myocardial infarction in Brazil and its geographical regions. However, it is important to note that a greater number of deaths for badly defined causes could correspond to deaths by IAM, which in turn may increase the growing tendency of mortality in the north and north east regions.
Nevertheless it is important to highlight the limitations related to the APC model because the models are still being developed and there is no consensus in the literature on the best methodology to rectify the problem of not identifying and estimating the complete model. Thus the findings vary in accordance with the assumptions that are used in the construction of the models 9, 10, 19, 20 .
Conclusion
The present study showed the reduction of the risk of death by IAM for both sexes and for all of the Brazilian regions except in the north east region for individuals born after the decade that started in 1940. Aside from this, we saw an increase in the mortality rates for both sexes in the north and north east regions. This is due to the socioeconomics disparities and the access to health services that exists in Brazil.
Therefore it is vital and urgent that intensive actions be taken to improve life conditions and to emphasize the need for prevention and control of risk factors for this disease. Also improvements are needed in accessing health services from basic primary health care to tertiary care.
Collaborations
J Santos, KC Meira, AR Camacho participated in the coming up with the idea for this study as well as defining its scope and remit. J Santos, KC Meira, TC Simões, FHMA Freire participated in the analysis and the interpretation of the data. J Santos, KC Meira, AR Camacho, RM Guimarães, PTCO Salvador, AMG Pierin, TC Simões, FHMA Freire contributed to drafting this paper and critically reviewed it. J Santos, KC Meira, AR Camacho, RM Guimarães, PTCO Salvador, AMG Pierin, TC Simões, FHMA Freire participated in approving the final version of this paper for it to be published.
